For xenobiotic metabolism studies, isolated rat hepatocytes are considered a better model of in vivo system than liver homogenates or enzyme preparations from liver, because they retain their enzyme systems, cofactors, membranes and various particles related to metabolic reactions.1) We previously studied oxidative demethylation of [dimethyl-d6]-, [monomethyl-d3], and [do]-methoxychlor in rat liver microsomes, and reported their isotope effects on the reaction as well as enantiotopic selectivity. 2'3) In this paper we describe similar metabolic reactions of the above substrates in rat hepatocytes and some characteristics of the reactions.
For xenobiotic metabolism studies, isolated rat hepatocytes are considered a better model of in vivo system than liver homogenates or enzyme preparations from liver, because they retain their enzyme systems, cofactors, membranes and various particles related to metabolic reactions.1) We previously studied oxidative demethylation of [dimethyl-d6]-, [monomethyl-d3] , and [do]-methoxychlor in rat liver microsomes, and reported their isotope effects on the reaction as well as enantiotopic selectivity. 2'3) In this paper we describe similar metabolic reactions of the above substrates in rat hepatocytes and some characteristics of the reactions.
MATERIALS AND METHODS
Rat hepatocytes were isolated from male Wistar rats (ca. 200 g, not treated with any inducers) by a collagenase-perfusion method using Krebs-Henseleit balance solution.1) Cells of more than 90% viability were used for all the experiments. Deuteriated methoxychlor analogs ( Fig.  1) were prepared by the method previously reported. 4) Metabolic reactions using cell suspension (106 cells in 2 ml, 370C) were conducted in the same manner as reported.1,2) Extraction of remaining substrates and metabolites with hexane/ethyl acetate (4: 1 v/v), derivatization with pentafluoropropionic anhydride and analysis with a gas chromatograph (electron capture detector, Yanaco G-80E) or with a gas chromatograph-connected mass spectrometer (GC-MS, Shimadzu LKB-9000) were also conducted in the same manner as reported. 2,3) RESULTS AND DISCUSSION Observed metabolites were mainly monodemethylated and partly di-demethylated products. Table 1 shows the first demethylation rates of methoxychlor at a fixed substrate concentration in rat hepatocytes.
In some cases Vmax and Km values were obtained from data at various substrate concentrations.
The fixed substrate concentration (50uM) used was relatively high, and the rates at this concentrations in the list are close to the Vmax values of respective substrates. Table 2 shows intramolecular D-H differentiation ratios (apparent intramolecular isotope effects) of respective
[d3]-substrates, which indicate that the rat hepatocytes have (1) enantiotopic selectivity of two methoxyl groups of methoxychlor to some degree, and (2) an apparent deuterium isotope effect significantly different from the unity. It is clear that demethylation in hepatocytes is mainly an oxidative reaction through which the C-H bond in a transition state cleaves and is catalyzed probably by cytochrome P-450 systems with some enantiotopic selectivity. (The degree of enantiotopic selectivity of this metabolic reaction cannot be calculated based on the present data only, because the velocity of interconversion of two possible conformers of ES complex involved in the reaction is not determined. For a detailed discussion, see our previous paper. 3))
The finding that observed D-H differentiation values of the hepatocytes were smaller than those of microsomes3) (S: 13. 94, R: 1. 10, RS: 4. 88) from untreated rat liver shows a difference in the composition of cytochromes P-450 between hepatocytes and microsomes, suggesting the existence of some cytochrome P-450 components with a lower D-H differentiation capability and a higher catalytic capability in hepatocytes, which might have been partly lost or damaged in microsomes during the preparation.
Higher reaction rates in hepatocytes (e. g. Vmax for [do]methoxychlor: 5. 90 in hepatocytes versus 1. 15 in microsomes2) from untreated rats) support this suggestion. We have also mentioned in the previous report, based on the reaction of aldrin epoxidation, that part of cytochrome P-450 systems would be lost and/or damaged while microsomes are prepared.1) McLean & Day also report that the amount of cytochrome P-450 recovered in a microsomal fraction varies with the amount originally present in liver homogenates. 5) In the hepatocyte experiments, we sometimes observed a significant amount of di-demethylated metabolites (up to 3 to 5 % of the monodemethylated metabolites. in case of (S)-[d3]-methoxychlor), formation of which may also have contributed to alter the values of D-H differentiation ratios, because we obtained the ratios from the amount ratios of d3-and do-counterpart of mono-demethylated metabolites that were present in the reaction mixture.
Even if the formation of the di-demethylated metabolites had been taken into consideration to correct the ratio values, however, the intramolecular ratio of the (S)-[d3]-analog (4. 37 in Average value ± SD for two independent preparations of hepatocytes. a larger extent than the (S)-[d3]-counterpart, and thus must have changed the observed D-H differentiation ratio at the first step of reaction to a larger value than the true ratio. Therefore, the above suggestion that there are some more cytochromes P-450 with a lower D-H differentiation capability in hepatocytes generally holds.
In this report, we have demonstrated a usefulness of isolated rat hepatocytes in a study on xenobiotic metabolism with enantiotopic selectivity and isotope effects.
